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Prostate cancerAbstract The aim of work: To illustrate the role of T2WI combined with diffusion WI (DWI) in
the evaluation of patients with prostate cancer.
Patients and methods: This prospective study included 36 patients (mean age 61) with clinical sus-
picion of prostate cancer using surface coil at 1.5 T MR Unit. Axial, coronal, and sagittal high res-
olution (HR) T2WI were performed, DWI was applied using a single-shot echo-planar imaging
sequence in axial orientation. Regions of interest were drawn on ADC maps on the site of visible
restricted diffusion as well as the normal tissue, then the ADC value was calculated. Considering
histopathological diagnosis the standard of reference, the results of T2WI alone were compared
with those of combined T2WI and DWI.
Results: In this prospective study, 36 men were examined and T2WI, DWI, ADC map and ADC
values were measured. T2 low SI was detected in the peripheral zone of the prostate of 36 patients,
and restricted diffusion in 31 patients.
Conclusion: Our study indicates that the addition of the ADC map and DWI to T2WI provide
signiﬁcantly more accurate results for prostate cancer detection and staging.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
On T2-WI, prostate cancer usually demonstrates low signal
intensity in contrast to the high SI of the normal peripheral
zone. Low SI in the peripheral zone, however, can also be seen
in several benign conditions, such as haemorrhage, prostatitis,
hyperplastic nodules, or post treatment sequelae (1). Magnetic
Resonance Imaging of prostate cancer with conventional
T2-WI is predominantly limited to staging for the presence
of extracapsular extension and seminal vesicle invasion (2).
Fig. 1 Axial (a), sagittal (b) and coronal (c) T2WI of the pelvis
revealing small hypointense focal lesion in the peripheral zone
(arrow) while (c) DWI sequence revealing the same area with
restricted diffusion (arrow).
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panded use of functional MRI techniques including Diffusion
Weighted Images for the differentiation of cancer tissue from
non-cancerous tissue (3).
It is on the fact that cancer tissue generally tends to have
more restricted diffusion than non-cancerous tissue because
of its high cell densities and abundant intra- and inter-cellular
membranes (4).
The use of DWI enables the calculation of the apparent dif-
fusion coefﬁcient (ADC), which is a value that measures water
diffusion in tissues. The movement of water is restricted by
movement in tumours, leading to a reduction in the ADC va-
lue (5).
This article addresses the advantages and values of the dif-
fusion study of prostate cancer. Our objective is to illustrate
the role of DWI on the detection and staging of prostate
cancer.
2. Patients and methods
The study protocol was approved by the local Ethics Commit-
tee, and informed consent was obtained from all patients.
This prospective study was done between December 2010
and August 2012 including 36 patients with their age ranging
between 50 and 72 years (mean age 61 years) and with clinical
suspicion of prostate cancer (PSA level >4 ngm/ml, hard pros-
tate in digital rectal examination, and suspicious area at trans-
rectal US). The data of T2WI and DWI were correlated with
the histopathological diagnosis after transrectal ultrasound
(TRUS) guided biopsy and/or prostatectomy.
2.1. MRI protocol
All examinations were performed using a 1.5 T MR Unit (SIG-
NA Horizon, General Electric Medical System, Milwaukee,
WI) using surface coil. Axial, coronal, and sagittal thin-sec-
tion, HR T2 Weighted fast spin-echo (FSE) images through
the prostate and seminal vesicles were obtained using the fol-
lowing parameters: TR range, 7000–8000 ms; TE, 120 ms; ﬁeld
of view (FOV), 20 cm; a slice thickness of 3 mm; intersection
gap of 1 mm; matrix, 256 · 256.
Based on T2WI, DWI was obtained by applying a single-
shot echo-planar imaging sequence in axial orientation to in-
clude the whole prostate, using the above mentioned coil and
the following parameters: TR, 8000 ms; TE, 61 ms; FOV,
20 cm; a slice thickness of 4 mm; intersection gap of 1 mm;
matrix, 256 · 256 and b value (diffusion sensitising factor) 0
and 1000 s/mm2. ADC values were obtained from the DWI
sequences and the ADC maps were generated by calculating
the ADC value in each pixel of each slice.
2.2. MR image analysis
All done sequences were reviewed for each patient. The T2WI
was reviewed ﬁrst for the area of hypointensity in contrast to
the high signal intensity of the normal peripheral zone.
On DWI the criteria for tumour visibility were focal hyper-
intensities and corresponding hypointensities on the ADC map
relative to the rest of the prostate gland. The grey value of the
Fig. 2 Axial (a), sagittal (b) and coronal (c) T2WI of the pelvis
revealing diffuse hypointensity of the peripheral zone of the
prostate with no evidence of extracapsular extension. (d) restricted
diffusion of the peripheral zone.
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pixel-to-pixel ADC map was automatically calculated for each
slice. The value itself was calculated with the equation men-
tioned above. The results of T2WI alone were compared with
those of combined T2WI and DWI.
2.3. Statistical analysis
All radiographic data were compared with operative ﬁndings
and ﬁnal histopathological diagnosis after prostatectomy,
and with histopathological diagnosis after TRUS-guided stag-
ing biopsy in patients who had imaging diagnosis of extracap-
sular invasion. Statistical analysis was performed using the
SPSS software package version 16.0 (statistical package for
social science TM) and P< 0.05 was considered to be
statistically signiﬁcant. The sensitivity and speciﬁcity for each
protocol were compared in order to evaluate the reliability
of each of them and when they are combined.
3. Results
In this prospective study, 36 men (age range 50–72 years, mean
age was 61 years) with clinical suspicion of prostate cancer
were examined, (PSA level more than 4 ngm/ml, hard prostate
in digital rectal examination, and suspicious area at transrectal
US). T2WI (axial, sagittal and coronal sections), DWI (axial
section), ADC map and ADC values were measured for all
patients.
T2 low signal intensity was detected in the peripheral zone
of 36 patients Figs. 1 and 3. Amongst the 36 patients, 31 pa-
tients were proved by biopsy to have prostate cancer and the
other 5 patients proved to have benign lesions (3 cases were
hyperplastic nodule, and 2 cases were prostatitis – diagnosed
by biopsy).
The 31 malignant cases were classiﬁed according to the
TNM system for staging of prostate cancer according to our
MRI imaging data into: T2 (n= 16) in which the tumour is
conﬁned to the prostate, T2a (n= 10) where the tumour is
in less than one half of one lobe, T2b (n= 2) where the tu-
mour is in more than one half of one lobe but not in both
lobes, T2c (n= 4) where the tumour is in both lobes but within
the prostatic capsule, T3 (n= 12) where the tumour extends
through the prostate capsule, 5 of the 12 cases showed extra-Table 1 The TNM classiﬁcation of prostate cancer.
Stage Deﬁnition Number of cases
T2a Tumour in less than half of one lobe 10
T2b Tumour in more than half of one
lobe but not in both lobes
2
T2c The tumour is in both lobes but
within the prostatic capsule
4
T3a Extracapsular extension 5
T3b Seminal vesicle invasion 7
T4 Lymph node invasion, urinary
bladder wall invasion, and/or
bone metastasis
3
Total 31
X2 3.336
P value 0.025
Fig. 3 (a) Axial and (b) sagittal T2WI of the pelvis revealing no
differentiation between the central and peripheral zones of the
prostate with an evidence of extracapsular extension in the form of
distorted periprostatic fat. (c) Restricted diffusion of the same
areas.
Fig. 4 Axial (a) and coronal (b) T2WI of the pelvis revealing
poor differentiation between the central and peripheral zones of
the prostate with an evidence of extracapsular extension in the
form of invasion of both seminal vesicles (SV) by soft tissue mass
with small residual normal SV tissue at right side (arrow). An
evidence of invasion of the urinary bladder wall appears in coronal
image (b). (c) DWI revealing restricted diffusion of the mass which
is seen at the left SV and peripheral zone of the prostate.
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invasion (T3b), the last 3 of 31 cases were T4 where there was
pelvic lymph nodes involvement, urinary bladder wall inva-
sion, Fig. 2 and/or bone metastasis, Table 1.
The signs of extracapsular extension (5 cases) seen by T2WI
were neurovascular bundle asymmetry (one case), tumour
envelopment of the neurovascular bundle (one case), irregular
spiculated margin of the prostate (2 cases) and obliteration of
recto prostatic angle in one case.
The T2 signs of seminal vesicle invasion as seen in 7 cases,
were focal low signal intensity of seminal vesicle in 2 cases,
Fig. 3, enlargement with low signal intensity mass in 3 cases(see Fig. 4), low signal intensity ejaculatory duct with low sig-
nal intensity seminal vesicle in 2 cases.
Diffusion Weighted Image was done for 36 patients, and an
area of high SI was observed (restricted diffusion) in 31 pa-
tients, Fig. 5, area of high ST was seen in the seminal vesicle
in 5 of 7 cases, urinary bladder wall invasion was seen in the
form of high SI in the bladder wall in 2 cases, pelvic lymph
node was affected in 2 cases and seen in the form of high SI,
extracapsular extension could not be assessed by diffusion.
On the ADC map, mean ADCs for the prostate cancer
versus those for healthy prostate tissue were obtained. The
Fig. 5 (a) Axial (multiple level) T2WI of the pelvis revealing no differentiation between the central and peripheral zones of the prostate
with an evidence of extracapsular extension in the form of distorted periprostatic fat with multiple enlarged inguinal lymph nodes
(arrows). (b) Restricted diffusion of the same areas.
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healthy prostate, it was 1.484 ± 0.289 · 103 mm2/s for the
histopathologically proven benign peripheral zone, and
0.737 ± 0.154 · 103 mm2/s for the histopathologically pro-
ven cancer prostate, for urinary bladder wall invasion mean
the ADCs were 0.963 ± 0.155 · 103 mm2/s and 1.517 ±
0.103 · 103 mm2/s for the normal bladder wall. For the
seminal vesicle invasion, the mean ADC for the normal sem-
inal vesicle was 1.365 ± 0.387 · 103 mm2/s, and 0.745 ±
0.124 · 103 mm2/s in seminal vesicle invasion, for the pelvic
lymph nodes invasion, the mean ADC for benign lymph
node was 1.357 ± 0.247 · 103 mm2/s, and the ADC of the
involved lymph node was 0.745 ± 0.134 · 103 mm2/s.4. Discussion
Conventional T2WI sequence was the ﬁrst MRI technique to
localise and stage prostate cancer and are still the most widely
used imaging sequence (6).
In the present study of the 36 cases, T2 low signal intensity
was detected in the peripheral zone of the 36 cases; however, 5
cases of them (false positive) were benign lesion, with a sensi-
tivity of 89% (true positive: 31 cases), low speciﬁcity of 39%,
and the detection accuracy was 77%.
The prostate capsule appears as a thin rim of low signal
intensity (in T2WI) surrounding the peripheral zone, so the
extracapsular extension can easily be seen in T2WI. In the
study of Soylu et al. (6), it was proved that the T2WI has a
high sensitivity and accuracy for the detection of extracapsular
extension which is diagnosed if there is one of the following:irregular capsule bulge, disruption of the prostatic capsule,
extension into the periprostatic fat, obliteration of rectopro-
static angle and asymmetry or tumour envelopment of
neurovascular bundle (7). In the present study, extracapsular
extension, with no invasion of adjacent organs, was diagnosed
in 5 cases, one of them showed neurovascular bundle
asymmetry, one case showed tumour envelopment of the neu-
rovascular bundle, 2 cases showed irregularities of the prostate
capsule and one case showed obliteration of recto prostatic
angle.
The seminal vesicle demonstrates a high signal intensity in
T2WI because of their ﬂuid content. In the previous studies,
sensitivity and speciﬁcity levels for diagnosing SVI were in
the range of 80–99% (8), the low signal intensity was seen
within the seminal vesicle and lack of preservation of the nor-
mal architecture of the seminal vesicle showed the highest sen-
sitivity and speciﬁcity as proved by Sala et al. (9).
In our study, SVI was diagnosed in 7 cases, 2 of them in the
form of focal low signal intensity of seminal vesicle, 3 cases in
the form of enlargement with low signal intensity mass, and 2
cases in the form of low signal intensity ejaculatory duct with
low signal intensity seminal vesicle.
Urinary bladder wall invasion was diagnosed in 2 cases in
the form of interruption of urinary bladder wall, also pelvic
lymphadenopathy was seen in 2 cases in which the diameter
of the detected lymph node was more than 10 mm. as com-
pared with the results of the frozen section which was done
after radical prostatectomy.
A signiﬁcant reduction in the diffusion properties of water
protons in prostate cancer and the resulting reduction in the
measured ADC value of prostate cancer relative to the normal
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the study of Woodﬁeld et al. (1).The restricted movements of
water proton are due to a combination of the extracellular
space and the complex intracellular environment and result
in a low ADC value (11). (Recent studies have reported that
the use of a higher b-value provided the highest image contrast
between normal and malignant prostate tissue (1)).
In our study 31 cases showed restricted diffusion in DWI in
the peripheral zone of the prostate with low signal intensity in
ADC map, the ADC value was 0.737 ± 0.154 · 103 mm2/s.
This coincides with Woodﬁeld et al., Desouza et al. and Yosh-
imitsu et al. (1,10,11) – amongst the 31 cases, 27 cases were
proved by histopathological examination of the frozen section
to be malignant .Five cases of the 36 cases showed preserved
diffusion of the peripheral zone in DWI and these cases were
proved to be benign, as described before, the sensitivity of dif-
fusion in the detection of cancerous lesion was 84% and the
speciﬁcity was 62%, while the accuracy was 78% .
In our study, we proved that the combination of T2WI and
DWI is more accurate in the diagnosis of prostate cancer, as
the two techniques agreed with the positive remarks in 31
cases. The histopathological study revealed that only 27 cases
were malignant (75%) the combination of the two techniques
rose the sensitivity to 86%, the speciﬁcity to 71% with an accu-
racy of 83%. DWI and ADC map have not been used to pre-
dict extracapsular extension in prostate cancer because of the
distortion artifacts and poor spatial resolution (6).
Regarding SVI, we diagnosed the high signal intensity of
SV in 5 of 7 cases, the ADC value was 0.745 ± 0.124 ·
103 mm2/s. Kim et al. (12), Kim et al. (13) and Huan et al.
(14) evaluated the accuracy of combined T2WI and DWI com-
pared with T2WI alone for predicting SVI with prostate can-
cer. In our study, we proved that the combination of T2WI
and DWI had also has better sensitivities in the diagnosis of
SVI.
Urinary bladder wall invasion was diagnosed by DWI when
there was an area of high signal intensity of bladder wall and
the ADC value was 0.963 ± 0.155 · 103 mm2/s, that was pro-
ven by the study of Ren et al. (15).
The DWI has also been evaluated in the analysis of pelvic
lymph nodes (6), the authors found a signiﬁcant difference be-
tween the mean ADC value of malignant versus benign lymph
nodes, also the authors found an overlap between the ADC
values of benign and malignant lymph nodes. In our study,
there was a high signal intensity of pelvic lymph nodes with
an ADC value of 0.745 ± 0.134 · 103 mm2/s.
Our results suggest a potential role for the combination of
T2WI and DWI for diagnosing and staging of prostate cancer.
5. Conclusion
Our study indicates that the addition of the ADC map and
DWI to T2WI provides signiﬁcantly more accurate results
for cancer prostate detection and staging.Conﬂict of interest
The authors have no conﬂict of interest to declare.
References
(1) Claus FG, Hricak H, Hattery RR. Pretreatment evaluation of
prostate cancer: role of MR imaging and H1 MR spectroscopy.
Radiographics 2004;24:s167–80.
(2) Woodﬁeld CA, Tung GA, Grand DJ, Pezzullo JA, Machan JT,
Renzulli JF. Diffusion weighted MRI of peripheral zone prostate
cancer: comparison of tumour ADC with gleason score and
percentage of tumour on core biopsy. AJR 2010;194:316–22.
(3) Lim HK, Kim JK, Kim KA, Cho KS. Prostate cancer: apparent
diffusion coefﬁcient map with T2WI for detection – a multireader
study. Radiology 2009;250(1):145–51.
(4) Choi YJ, Kim JK, Kim N, Kim KW, Choi EK, Cho KS.
Functional MR imaging of prostate cancer. Radiographics
2007;27:63–75.
(5) Verma S, Rajesh A. A clinically relevant approach to imaging
prostate cancer: review. Am J Roentgenol 2011;196(3 Suppl.) [s1–
s1].
(6) Soylu FN, Eggener S, Oto A. Local staging of prostate cancer
with MRI. Diagn Interv Radiol 2012;18:365–73.
(7) Wang L, Mullerad M, Chen HN. Prostate cancer: incremental
value of endorectal MR imaging ﬁndings for prediction of
rextracapsular extension. Radiology 2004;232:133–9.
(8) Jung DC, Lee HJ, Kim SH, Choe GY, Lee SE. Preoperative MR
imaging in the evaluation of seminal vesicle invasion in prostate
cancer: pattern analysis of seminal vesicle lesions. J Magn Reson
Imaging 2008;28:144–50.
(9) Sala E, Akin O, Moskowitz CS. Endorectal MR imaging in the
evaluation of seminal vesicle invasion: diagnostic accuracy and
multivariate feature analysis. Radiology 2006;238:929–37.
(10) DeSouza NM, Reinsberg SA, Scurr ED, Brewster JM, Payne GS.
Magnetic resonance imaging in prostate cancer: the value of ADC
for identifying malignant nodules. Br J Radiol 2007;80:90–5.
(11) Yoshimitsu K, Kiyoshima K, Irie H. Usefulness of ADC map in
diagnosing prostate carcinoma: correlation with stepwise histo-
pathology. J Magn Reson Imaging 2008;27:132–9.
(12) Kim CK, Choi D, Park BK, Kwon GY, Lim HK. Diffusion
weighted MR imaging for the evaluation of seminal vesicle
invasion in prostate cancer: initial results. J Magn Reson Imaging
2008;28:963–9.
(13) Kim CK, Choi D, Park BK, Kwon GY, Lim HK. Diffusion
weighted imaging for the evaluation of seminal vesicle invasion in
prostate cancer: initial results. J Magn Reson Imaging
2008;28(4):963–9.
(14) Ren J, Huan Y, Wang H, Ge Y, Chang YJ, Yin H, et al. Seminal
vesicle invasion in prostate cancer: prediction with combined
T2WI and DWI. Eur Radiol 2009;19:2481–6.
(15) Ren J, Huan Y, Li F, Wang H, Ge Y, Chang YJ, et al. Combined
T2W and DWMRI for diagnosis of urinary bladder invasion in
patients with prostate carcinoma. J Magn Reson Imaging
2009;30(2):351–6.
